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Abstract
Restrictions on fuel consumption by legislative authorities throughout the world motivate the introduction of assistance systems. 
Drivers can be assisted finding the optimal gear and shifting time using an algorithm taking into account different parameters like 
e.g. the rpm value. Drivers are driving for roughly 35 minutes on a 32 kilometer route of public roads. This study uses 
aContinental Automotive GmbH Accelerator Force Feedback Pedal (AFFP®) [1] which is implemented in a Volkswagen Up! 
blue motion. The stimulus for the upshift is presented as haptic double tick. A within-subjects experimental design is realized by 
drivers doing the specified route twice. In the reference condition, drivers will have the standard issue graphical gear shifting 
indication. In the alternative condition, the gear shifting indication will be presented using the graphical one in addition with the 
haptic indication (double tick) on the accelerator pedal. A between-subjects design also evaluates acceptance of varying power 
levels of the haptic double tick. The 45 total participants are divided into three groups distinguishing between a light, middle and 
strong haptic double tick.Results show a significant increase in the utilization of the fifth (highest) gear, while no significant 
reduction in fuel consumption was detected.The overall acceptance of the AFFP and the haptic double tick was very good.
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1. Introduction
EU Regulation No 443/2009 [2] is aiming for 95 grams of CO2 emissions per kilometer starting in 2021 for new 
passenger cars. In combination with increasing fuel prizes car makers are looking for ways to decrease fuel 
consumption. Besides technological advances, driver behavior offers a big potential for saving fuel. In order to help 
the driver in executing an eco-friendly driving strategy, assistance systems have been introduced to vehicles. One 
example that is widespread in new vehicles that feature a manual gearbox is the optical gear shifting indication, 
usually displayed between rev counter and speedometer.
Taking into account various parameters like e.g. the rpm value or accelerator position, an algorithm calculates the 
optimal gear shifting moment and displays any changes using an arrow pointing upward or downward. This 
indicates a suggested change of gears typically avoiding high engine revolution speeds during the acceleration 
process in order to save fuel. The optical gear shifting indication uses the visual modality, drawing visual attention 
away from the current traffic situation. Also, its typical position between rev counter and speedometer does not 
allow for directly noticing the gear shifting indication when the driver is monitoring the traffic situation outside the 
vehicle.
A possible addition in supporting the driver besides the optical display is presenting the gear shifting indication 
with the haptic modality. In this study, a double-tick in the accelerator gas pedal allows the driver to receive the gear 
shifting indication without taking his/her eyes off the road. The double tick as a way to communicate a haptic gear 
shifting indication using the accelerator pedal was found to be most feasible, considering the signal nature and 
power of the double tick in the work of Lange, Arcati, Bubb, &Bengler, (2010) [3]. Also, displaying multimodal
(e.g haptic plus visual) information is typically found to shorten reaction times and increase task performance[4].
The potential for saving fuel by introducing a haptic gear shifting indication will be analyzed in this naturalistic 
driving study. The results will be matched with results from a very similar study in 2009 [3], that found the haptic 
gear shifting indication to help with saving fuel and greatly increasing the use of higher gears. Depending on various 
studies the potential savings differ between 4 % up to 12 % according to[3],[5], [6], [7] and [8].
2. Method
The experiment is conducted as naturalistic driving study with help from the Continental Automotive GmbH 
providing the Accelerator Force Feedback Pedal (AFFP®)[1] displaying the haptic gear shifting indication. The 
vehicle used in this experiment is a Volkswagen Up! blue motion with a one-liter engine putting out 44kW that was 
modified to feature the AFFP. Besides logging information from the CAN bus used to track fuel consumption and 
various other vehicle parameters, participants were presented questionnaires in order to assess acceptance and 
hedonic quality of the double tick and its realization with the AFFP.
A within-subjects design is evaluating the potential of the AFFP and the haptic double tick for saving fuel and the 
acceptance and liking of the setup. The reference condition consists of all 45 participants driving the specified route 
with just the optical gear shifting indication being displayed between rev counter and speedometer. It was chosen 
not to cover the optical gear shifting indication since all major automotive companies equip their new cars with the 
optical gear shifting indication in case of a manual gear box. The experimental condition consists of the 45 
participants driving the same route with the optical and haptic gear shifting indication displayed. The sequence is 
permutated in order to avoid learning effects.Figure 1 shows the specified route in the northern vicinity of Munich.
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Also, the 45 participants are divided into three groups, each consisting of 15 men and women. The force of the 
double tick was varied between the three groups, accounting for a between-subjects design to evaluate acceptance 
and liking of varying signal strengths. The different strengths of the double tick were realized by adjusting the 
engine speed within the AFFP and its attached unbalance. The three groups were called light, medium and strong 
with the medium force of the double tick resembling the signal that was found to be optimal in the work of Lange, 
Arcati, Bubb, &Bengler, (2010) [3]. The conditions light and strong were adjusted following an expert review with 
the light condition barely ticking against the participants sole but still noticeable while the strong condition was not 
only clearly felt but also exceeded the medium condition in the same way the medium condition exceeded the light 
condition. Figure 2 shows an overview of the test design.
Fig.1. Specified Route north of Munich which is 31,6 km long with inner-city, highway and interstate traffic. Drivers take roughly 35 minutes for 
one circuit and are driving the route twice during the experiment. The start and stop of the route are marked with a red circle. Maps provided by 
maps.google.com.
45 Participants
Optical gear shifting indication Optical + haptic gear shifting indication
+
15 Participants
Light double tick
15 Participants
Medium double tick
15 Participants
Strong double tick
Fig.2. The test design incorporates a within-subjects design to evaluate potential fuel savings with the AFFP and acceptance of the double tick 
with a between-subjects design varying the signal nature of the double tick to analyze acceptance.
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2.1. Experimental setup and realization
After a short briefing on the course of the experiment, participants are asked to fill out a demographic 
questionnaire. Also the participants’ shoe sole thickness is measured for a more detailed analysis of the participants’ 
subjective rating of the double tick. After that, participants are introduced to the VW Up! blue motion and are asked 
to find their personal setting considering the seat and mirrors. The AFFP and its haptic gear shifting indication is 
explained by showing a standardized card. The algorithm used in the VW Up! blue motion is showing up- and 
downshift indications which the optical gear shifting indication displays. The AFFP uses the same algorithm but 
only triggers a double tick in case of an upshift indication. Since drivers relocate their feet from the accelerator pedal 
to the brake pedal in case of braking, the double tick is only relevant during acceleration phases and thus only 
presented in case of an upshift indication. After setting up the data recording devices, drivers are doing about 2 
minutes of test driving, also experiencing the haptic double tick indicating an upshift until they reach the start/stop 
destination shown in Figure 1. Permutation of the reference and the experimental condition has participants either 
driving the specified route with only the optical gear shifting indication first, or doing the first pass of the route with 
both the optical and the haptic gear shifting indication. Before the participants start, the following vehicle 
parameters are always set to the same standard condition.
x Lights are on.
x The AC is shut down except the fan being on stage 1 out of 4.
x The automatic start-stop function is deactivated.
x The gas tank is completely filled up.
x The radio is shut off.
x Tire pressure is kept to the recommended values found in the user’s manual
These settings are chosen to assess the potential fuel savings of the AFFP and the haptic double tick as accurately 
as possible.
After the first negotiation of the specified route, drivers are asked to fill out a questionnaire resembling the 
NASA-TLX in order to analyze their subjective rating of the AFFP and the haptic double tick. After the gas tank is 
filled up again, drivers do the specified route a second time, filling out another questionnaire after the second pass. 
In order to assess their general opinion on the AFFP and the double tick and their intention to spend money on an 
assistant system like the AFFP, participants are asked to fill out a concluding questionnaire.
2.2. Hypothesis and parameters
The independent variable for the within-subjects design is the type of gear shifting indication. The reference 
condition only presents the optical gear shifting indication, while the experimental condition presents the optical and 
haptic gear shifting indication. We hypothesize that the experimental condition will show fuel savings and a more 
frequent use of the highest gear.
The independent variable for the between-subjects design is the power level of the double tick which 
distinguishes between light, medium and strong. Since the medium power level resembles the optimal double tick  
found in [3], we hypothesize that the light and strong condition will have lower acceptance ratings than the medium
double tick condition.
The dependent variables consist of the fuel consumption, the use of the highest gear and the acceptance rating of 
the AFFP and the haptic double tick.
If reasonable, the dependent variables are analyzed using an analysis of variance (ANOVA).
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3. Results
The 45 participants consist of 19 women and 26 men with a mean age of 45.3 years (SD 16.9 years). Participants 
were asked to provide their years of driving experience (measured from the point in time when they received their 
driver’s license) and their estimated annual mileage. Results show rather experienced drivers with a mean of 26 
years (SD 16.5 years) of driving experience and 3 out of 45 estimated of doing more than 10000 km per year. Also, 
29 out of 45 stated, that the vehicle used primarily for driving is equipped with a manual gearbox.Figure 3 shows the 
mean utilization of the fifth gear during driving. An ANOVA was conducted, showing a significant effect for the 
factor gear shifting indication, F(1, 42) = 56.01, p< .001, Ș2 = .57. The factor power level of the double tick showed 
no significant effect. In addition to the utilization of the fifth gear, the reduction in fuel consumption was recorded.
No significant reduction in fuel consumption was detected.
Furthermore participants were asked which condition (optical vs. optical + haptic) theypreferred during their 
drive.Figure 4 shows the acceptance and the liking of the gear shifting indications. Participants were asked to rate 
which gear shifting indication they preferred throughout the experiment, the optical one or the optical and haptic 
one. In the light power level group 10 participants chose the optical and haptic condition over the optical one, 
similar to the medium power level group, 11 participants voted for the optical and haptic condition in contrast to 
optical one. In the strong power level group 8 out of 15 participants preferred the optical and haptic condition, while
7 out of 15 preferred the optical one.
SD
Fig.3. Mean and standard deviation of the utilization of the fifth gear during driving. Gears one through 5 were considered, the idle gear was not 
considered.
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4. Discussion
Results in Figure 3 and the ANOVA show a significant increase in the utilization of the fifth gear. This shows 
that the AFFP and the haptic double tick increase the motivation of drivers to upshift earlier in typical acceleration 
processes. Thus the first hypothesis can be accepted partially. Surprisingly, the significant utilization of the highest 
gear does not result in a significant reduction of fuel consumption. Very low mean differences in fuel consumption 
between the optical and the optical + haptic condition in combination with a high variance throughout the groups 
allow the results to be contributed to coincidence. This leads to a partial rejection of the first hypothesis, considering 
fuel consumption. A possible explanation is offered by the low power output of the engine (44 kW) and the resulting 
driving behavior of participants when following the gear shifting indication in a typical acceleration process. An 
early upshift technically reduces fuel consumption due to reducing the revisions per minute of the engine which are 
typically linked to fuel consumption. An early upshift also reduces the ability of the vehicle to accelerate quickly, 
since the power output of the engine decreases in combination with low torque figures in case the engine is naturally 
aspirated like in this study. In case the throttle is only applied half during the acceleration process, the early upshift 
could motivate the driver to increase the throttle application in order to compensate for the reduced ability to 
accelerate due to low power and torque output. In this study, opening the throttle is directly linked to the amount of 
fuel injected into the cylinders, increasing fuel consumption. It can be deducted that in case the driver is not happy 
with the reduced ability to accelerate the vehicle quickly due to earlier upshifts, he/she refers to an increased 
application of the throttle foiling the aspired reduction of fuel consumption. Possible remedies include equipping 
only vehicles with the AFFP that feature turbocharged engines, since maximum torque figures are typically reached 
with low rpm’s already, allowing for a quick acceleration process along with earlier upshifts. This also holds when 
the results from this study are compared with [3]. In both studies, utilization of the highest gear was significant, yet 
only in [3] a significant reduction of fuel consumption was achieved. This can be explained by the large engine the 
car was equipped in [3], allowing for earlier upshifts while not impeding the ability to accelerate 
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Fig.4. Acceptance and liking of the gear shifting indications. Participants were asked to rate which gear shifting indication they preferred 
throughout the experiment. 
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quickly.Nevertheless, the potential for a reduction of fuel consumption by using haptic feedback with an active 
accelerator pedal remains high, as can be seen in Figure 3.
Subjective ratings of the AFFP and the haptic double tick in Figure 4 show good results. A majority of drivers 
would chose the AFFP and the haptic gear shifting indication over the optical gear shifting indication. In the strong 
power level group, drivers chose almost evenly, indicating that the force of the double tick was too strong or too 
annoying for almost half of the participants. This underlines the good signal nature of the medium power level 
confirming the findings of [3]. The light power level also seems to be accepted by participants, even though the 
results considering the fuel consumption prohibited a matching of the different power levels’ effectiveness of aiding 
drivers to safe fuel. Utilization of the highest gear in Figure 3indicate the feasibility of the light power level as well. 
5. Summary
This study shows the effectiveness of the AFFP concept and the haptic double tick in aiding drivers to upshift 
earlier during a typical acceleration process. A potential reduction of fuel consumption was possibly impeded by the 
low power and torque output of the engine, impairing the drivers’ ability to still accelerate quickly after upshifting 
earlier. Further studies using a haptic double tick to indicate an upshift could use turbocharged engines, providing 
for high numbers of torque in low rpm ranges, confirming the explanation offered in this work.
Acceptance and liking of the AFFP and the haptic double tick appear to be high when not exceeding a medium 
power level of the double tick, confirming the choice of additionally presenting gear changes using the haptic 
modality and motivating drivers to a potentially more eco-friendly behavior.
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